Influenza Virus RNA-synthesizing Complex in the Nucleoplasm of Infected Cells
(Accepted 8 July I975) SUMMARY An RNA-synthesizing complex was found in the nucleoplasm of fowl plague virus-infected chicken fibroblast and Ehrlich tumour cells. The complex sedimented at I2o S and banded in caesium chloride at 1.39 to 1.4I g/ml. It contained an influenza nucleocapsid protein as a major protein constituent. The complex functioned late in infection, and RNA synthesis in it was resistant to actinomycin D, the properties expected of influenza virus replicative complex.
Nucleocapsids with a sedimentation coefficient of 35 to 7oS and a buoyant density in CsC1 of I'34 to I'35 g/ml have been isolated from the cytoplasm and nucleoplasm of influenza virus infected cells after long periods of labelling with radioactive precursors (Krug, I97I, I972; Pons, 197I, 1972) . In pulse-labelled infected cells we have found another structure in the nucleoplasm with the properties of a replicative complex. This complex has been revealed in two infected cell systems, fowl plague virus (FPV)-infected chicken fibroblasts and FPV-infected Ehrlich ascites tumour cells. In this latter system, an abortive cycle of FPV occurs, with accumulation of virus nucleocapsids in the cytoplasm and in the nucleoplasm (Assadulaeff, Gitetman & Bukrinskaya, ~974)-This paper described the properties of this complex and the fate of its RNA product in both cell systems.
Monolayer cultures of chicken embryo fibroblasts (CF) were exposed to FPV (strain Weybridge) at an input multiplicity of about 7o to loo p.f.u./cell, and incubated in medium I99 containing 2 °/o calf serum at 37 °C. Actinomycin D (5/zg/ml) was added 3"5 h after infection, and [3H]-uridine (sp. act. 2o Ci/mM, IOO #Ci/ml) 4 h after infection for 5 rain or I h. Cells were disrupted by Dounce homogenization in TKM (o.oI M-triethanolamine, pH 7"4; o'o25 M-KC1; o'oo5 M-MgCIz) and nuclei were pelleted and purified as described by Hastie & Mahy 0973). Nucleoplasmic and nucleolar extracts were obtained as described by Krug (I97I) .
Ehrlich tumour cells (ETC) were propagated in mice as previously described (Assadulaeff et al. r974). On the seventh day after tumour inoculation each m ousereceived, intraperitoneally, o'5 ml of chick embryo allantoic fluid containing IOg"°IDs0/ml of FPV. 72 h after infection 2oo/zg of actinomycin D was inoculated into each mouse, and 2 h later [3H]-uridine (5o/zCi) and pS]-methionine (2o/tCi, sp. act. 86"4 mCi/mM) were inoculated for 5 min or 2 h. Then the ascites fluids were harvested, cells were pelleted, washed with TKE buffer (o.oI M-triethanolamine, pH 7"4, o'o75 M-KC1, o.oo2 M-EDTA) and disrupted by o.8 ~o Triton X-Ioo. Nuclei were pelleted, purified and nucleoplasm and nucleolar extracts were obtained according to Penman (1969) . The purity of nuclei of cytoplasmic contaminants has been previously demonstrated (Lebedeva et al. I974) .
Cytoplasmic fractions of both cell systems were centrifuged at 15ooo g for Io min, and supernatant fluids (cytoplasmic extracts) were treated with EDTA to a final concentration of O'04M and analysed. * FPV-infected Ehrlich tumour ceils were treated with actinomycin 72 h after infection for 3o min and then exposed to pH]-uridine for ] 5 rain as described in the text. The cells were fractionated, radioactivity determined and related to one E~0 unit. It can be seen from Table I that the radioactivity in the nucleoplasm of actinomycintreated infected Ehrlich tumour cells, after a short pulse of radioactive precursors, is increased as compared to that of mock-infected cells. No increase in the radioactivity of cytoplasmic extracts and a verysmall increase in nucleolar extracts were observed. Sedimentation analysis in velocity sucrose gradients after pulse labelling of both cell systems revealed a radioactive structure in the nucleoplasm at I I o to 13 0 S (Fig. I b and 2 b) . The same structure was present when the cells were not treated with actinomycin (not shown). Besides this structure, a smaller component sedimenting at about 6o S was found in ETC nucleoplasm (Fig. 2 b) . No distinct pulse-labelled components were detected in the cytoplasmic extracts (Fig. I a and 2 a) and in the nucleolar extracts (Fig. ~ c and 2 c) . The radioactivity in the Short communications cytoplasm near the top of the gradient seen in Fig. 1 a is unlikely to be related to the synthesis of virus-specific RNA.
When the time of labelling was extended, the I2oS structure in the nucleoplasm either disappeared (Fig. Ie) or was present in decreased amounts (Fig. 2e) . Instead the radioactivity appeared in the region of 3o to 5oS in the nucleoplasm of CF and in the cytoplasm of CF and ETC (Fig. Id, e and 2d ). In the nucleoplasm of ETC the 6oS structure was significantly increased as compared to the pulse-labelled sample (Fig. 2 e) . Again, no significant radioactivity was found in the nucleoli (Fig. if and 2f) .
The buoyant density in pre-formed CsC1 gradients of these components is shown in Fig. 3 . It can be seen that the I2oS component in the nucleoplasm after pulse labelling ( Fig. 3a, f ) and 2 h labelling ( Fig. 3d) bands at I'38 to ~-4 t g/ml, the 6oS component of the nucleoplasm in ETC bands at 1.36 to 1.37 g/ml (Fig. 3 b, e) . The 3o to 5o S component isolated from the cytoplasm of both cells (Fig. 3 c, g ) bands at 1 "34 to 1-35 g/ml, the position of myxovirus nucleocapsid (Krug, I97~ ; Gitelman & Bukrinskaya, x971) .
When the proteins of the complex were analysed in SDS-polyacrylamide gels and autoradiograms prepared, a single band in the position of nucleocapsid protein as estimated by mol. wt. determination was observed (Fig. 4)- The data presented suggest that in both cell systems virus-specific RNA is made in the nucleoplasm in the later stages of infection. Recent publications (Avery, I974, Armstrong & Barry, 1974) confirm this point. If this is the case, then the I zo S complex in the nucleoplasm seems to be a good candidate for the role of replicative complex. This is suggested by three lines of evidence: (i) the complex is functioning in cells treated with actinomycin D, which is known to block preferentially the transcription but not the replication of influenza
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Short communications [asS]-methionine was inoculated in infected mice simultaneously with 13H]-uridine. The fractions corresponding to the peaks of radioactivity shown in Fig. I and 2 were pooled, fixed with 4% formaldehyde and analysed in a pre-formed CsCI gradient as described previously (Gitelman & Burinskaya, 1970 . The gradients were centrifuged in a Spinco SW5o rotor at 35ooo revlmin for 16 h at 4 °C. Acid-insoluble radioactivity of the gradient fractions was determined. virus RNA (Scholtissek & Rott, 197o; Pons, 1973) ; (ii) the buoyant density of the complex is higher than that of nucleocapsids, indicating the presence of additional RNA material in it; (iii) the complex rapidly incorporates tritiated uridine and disappears or is decreased on prolonged labelling, while structures with properties of virus nucleocapsids appear subsequently in nucleoplasm and cytoplasm suggesting a template-product relationship between the complex and nucleocapsids (the 6o S structure in the nucleoplasm of ETC may represent some immature or defective form of nucleocapsid).
Since the complex contains a nucleocapsid protein, the nucleocapsids appear to be involved in replication process. Meanwhile, the higher rate of sedimentation is consistent with the idea that the complex contains several nucleocapsid segments which may be associated with each other, for example by virtue of nucleocapsid protein. A continuous strand of nucleocapsid sedimenting in the position of the complex has been seen in the electron microscope (the paper in preparation). [laC]-algae hydrolysate (50 #Ci/mouse) was inoculated intraperitoneally 72 h after infection for i h. The cytoplasmic extract and the nucleoplasm were prepared and fractionated as described in Fig. 2 . The radioactivity was counted in samples, and the structures from the I2oS region of the nucleoplasm and the 3o to 50 S region of the cytoplasm were pelleted at I2OOOOg and subjected to SDS-PAGE analysis according to Laemmli 0970). After electrophoresis the gels were either stained with amido black (left gel) or sliced longitudinally and after drying exposed to X-ray film for lo days. The film was subsequently developed.
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